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Non-technical Summary 
 
Ever since the seminal papers of Fama (1965, 1970), the analysis of the efficient market 
hypothesis has been a key topic in both theoretical and empirical capital market analysis. The 
efficient market hypothesis seeks to answer the question of whether stock prices fully reflect 
all information available at a specific point in time. Weak-form tests of the efficient market 
hypothesis focus on the information set of historical prices or return series. 
Random walk properties of equity prices influence return dynamics, and market efficiency is 
often considered an essential criterion in assessing the functionality of markets and the asset 
pricing process, which is of significant relevance for emerging markets in particular. While 
there is abundant empirical evidence today that developed stock markets are at least weak 
form efficient and investors are not able to earn excess returns compared to a buy-and-hold 
strategy by developing and using trading strategies, this finding is more controversial for 
emerging markets. Thus, the crucial question of the analysis is whether the results from stock 
markets also hold for securitized real estate markets – in particular against the background 
that the efficient market hypothesis is rejected for even several developed securitized real 
estate markets, as shown by Schindler et al (2009) as well as Serrano and Hoesli (2009). 
Thus, this paper examines the behavior of securitized real estate returns for twelve emerging 
markets as well as four developed markets over the period from January 1992 to December 
2009. The analysis is based on autocorrelation tests as well as both single and multiple 
variance ratio tests. Furthermore, non-parametric runs tests are conducted. As a further 
robustness check and due to their practical relevance, trading strategies based on moving 
averages are implemented as well. 
Empirical evidence shows that the emerging securitized real estate markets can not be 
considered less developed, with respect to their market efficiency characteristics, than the 
markets in countries such as Australia, Japan, the U.K., and the U.S. By contrast, and in 
contrast to the broad stock markets, the price formation process at emerging markets can not 
be considered less efficient than that at the four mentioned developed markets from a 
statistical point of view. The results are confirmed by analyzing excess returns following 
from technical trading rules.   - II -
Das Wichtigste in Kürze 
 
Die Analyse der Effizienzeigenschaften von Kapitalmärkten ist spätestens seit den 
grundlegenden Arbeiten von Fama (1965, 1970) sowohl in der theoretischen als auch in der 
empirischen Kapitalmarktforschung ein zentraler Untersuchungsgegenstand. Die Hypothese 
effizienter Märkte beschäftigt sich mit der Frage, ob Wertpapierpreise alle zu einem 
bestimmten Zeitpunkt verfügbaren Informationen vollständig widerspiegeln. Dabei 
konzentriert sich die Überprüfung schwach-effizienter Märkte auf die Informationsmenge 
von historischen Preisen und Renditen. 
Häufig wird das Kriterium der (Informations-) Effizienz auch zur Beurteilung der 
Leistungsfähigkeit und Funktionsfähigkeit von Märkten herangezogen. Während in der 
Wissenschaft heute weitgehend Einigkeit darüber besteht, dass die Aktienmärkte zumindest 
als schwach-informationseffizient bezeichnet werden können und es Anlegern daher nicht 
möglich ist, durch Handelsstrategien gegenüber einer Buy-and-Hold-Strategie Überrenditen 
zu erzielen, ist gerade für die Emerging Markets festzustellen, dass deren Aktienmärkte sich 
häufig als weniger effizient erweisen als die der entwickelten Märkte. Daher besteht die 
zentrale Fragestellung der Analyse darin, ob diese Eigenschaft von Emerging Markets auch 
auf die Immobilienaktienmärkte zutrifft – gerade vor dem Hintergrund, dass Analysen von 
Schindler et al. (2009) sowie von Serrano und Hoesli (2009) zeigen, dass selbst die 
Immobilienaktienmärkte in Ländern mit einem entwickelten Finanzmarktsystem mehrheitlich 
als nicht effizient zu beurteilen sind. 
Dieser Aufsatz untersucht das Renditeverhalten an den Immobilienaktienmärkten von zwölf 
Emerging Markets und vier entwickelten Märkten über einen Zeitraum von Januar 1992 bis 
Dezember 2009. Neben den parametrischen und nicht-parametrischen Testverfahren zur 
Überprüfung der Random-Walk-Hypothese wird auf Grund ihrer praktischen Relevanz eine 
auf gleitenden Durchschnitten basierende Handelsstrategie implementiert. 
Die empirischen Ergebnisse zeigen, dass die Immobilienaktienmärkte in den Emerging 
Markets hinsichtlich ihrer Effizienzeigenschaften nicht als weniger entwickelt bezeichnet 
werden können als die Märkte in Ländern wie Australien, Großbritannien, Japan oder den 
USA. Im Gegenteil und im Unterschied zu den breiten Aktienmärkten sind die 
Preisbildungsprozesse an den Emerging Markets aus statistischer Perspektive mehrheitlich 
als effizienter zu beurteilen als an den vier genannten entwickelten Märkten.   - 1 -
Market Efficiency in the Emerging Securitized 








This paper tests the random walk hypothesis and market efficiency for twelve 
emerging as well as for four developed securitized real estate markets from 1992 to 
2009. Random walk properties of equity prices influence return dynamics, and 
market efficiency is often considered an essential criterion in the assessment of the 
functionality of markets and the asset pricing process, which is of significant 
relevance for emerging markets in particular. The analysis is based on 
autocorrelation tests as well as both single variance and multiple variance ratio tests. 
Furthermore, non-parametric runs tests are conducted. Empirical evidence shows 
that the efficient market hypothesis in its weak form is not rejected by any statistical 
test for seven of the twelve analyzed emerging securitized real estate markets. This 
result is surprising since all four developed securitized real estate stock markets 
analyzed in this study do not follow a random walk. The results are confirmed by the 
analysis of excess returns following from technical trading rules. 
Keywords:  Securitized real estate markets, market efficiency, random walk 
hypothesis, variance ratio tests, runs test, trading strategies 
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1 Introduction 
The efficient market hypothesis has been a key topic in financial literature for more than 
30 years, and there are innumerable studies considering tests of market efficiency for stock 
markets, bond markets, exchange rate markets, and commodity markets. The key findings 
from all analyses are almost similar. In general, the hypothesis, at least of weak-form market 
efficiency by the seminal definition of Fama (1970), is not rejected. Even if the conducted 
tests reject the efficient market hypothesis for some markets and for some time periods, 
investors trading standardized products on exchanges are usually not able to exploit these 
inefficiencies by earning abnormal returns. 
However, related to securitized real estate markets, particularly emerging securitized real 
estate markets, the number of studies on market efficiency is smaller than the number of 
studies on other asset classes, although it is equally relevant for investors and portfolio 
decision-making, since real estate is characterized by low correlation to traditional asset 
returns and thus provides an interesting investment to improve risk-return characteristics. 
Regarding emerging securitized real estate markets in particular, there is one further reason 
why analyzing market efficiency is of particular relevance and significant importance. 
Emerging markets are characterized by small-capitalized listed companies, low trading 
volume, limited liquidity, high bid-ask spreads, low analysts’ coverage, and often persistent 
deficiencies in the legal and institution setting of the market. Hence, testing market efficiency 
in its three versions is a key topic and often proves to be crucial and essential when judging 
whether the respective markets and the asset pricing process are well-functioning. Due to the 
deficiencies mentioned above, it is often expected and empirically shown that return 
persistence is higher in emerging markets and that emerging stock markets are thus less 
efficient than matured markets such as those in the U.K. and the U.S. 
A widely used test of market efficiency analyzes whether individual stocks or (securitized 
real estate) market indices follow a random walk. If stock prices or market indices show 
random walk behavior, investors will be unable to persistently earn excess returns because 
stocks and indices are priced at their equilibrium values. By contrast, if market indices do not 
follow a random walk process, the pricing of capital and risk would be predictable and 
investors could achieve excess returns. 
Early empirical studies on market efficiency apply simple tests of autocorrelation and 
different types of runs tests. Later the random walk hypothesis is challenged by unit root   - 3 -
tests, and more recently, variance ratio tests and multiple variance ratio tests have become the 
preferred methodology. 
The efficient market hypothesis and its three versions according to Fama (1970) have been at 
the core of many empirical studies on traditional asset markets in a wide range of countries 
with highly developed markets, e.g. Summers (1986), Fama and French (1988), Poterba and 
Summers (1988), Richardson and Stock (1989), and Fama (1991). They have also been 
examined for less-developed markets, e.g. Errunza and Losq (1985), Barnes (1986), Laurence 
(1986), Butler and Malaikah (1992), Agbeyegbe (1994), Huang (1995), Urrutia (1995), Grieb 
and Reyes (1999), Karemera et al. (1999), Ojah and Karemera (1999), Chang and Ting 
(2000), Abraham et al. (2002), Ryoo and Smith (2002), Smith et al. (2002), and Lim et al. 
(2009) among others. The studies differ mainly in the market analyzed, the time period 
considered, and the methodology applied in the analysis of market efficiency. 
However, with regard to real estate markets, the number of studies is much lower. Most 
studies on the public real estate sector exclusively deal with the U.S. market and/or focus on 
individual securities like Mei and Gao (1995), Seck (1996), Graff and Young (1997), Nelling 
and Gyourko (1998), Kuhle and Alvayay (2000), Kleiman et al. (2002), as well as 
Jirasakuldech and Knight (2005). Their conclusions related to the random walk behavior of 
the U.S. securitized real estate market differ rather frequently. These differences not only 
exist for differing sample periods but also for nearly similar samples. With regard to the U.K. 
securitized real estate market, Belaire-Franch et al. (2007) provide evidence for the rejection 
of the efficient market hypothesis. One of the few internationally oriented studies analyzing 
random walk behavior of eleven national real estate stock markets based on variance ratios is 
conducted by Stevenson (2002). He finds persistent return patterns of mean aversion for 
several markets. Serrano and Hoesli (2009) compare the predictability of securitized real 
estate returns and stock returns for ten markets. They conclude that securitized real estate 
returns are more predictable than stock returns in matured REIT markets. However, stock 
returns are more predictable than securitized real estate returns in some of the countries 
which have only recently established REIT regimes. Schindler et al. (2009) conduct a more 
comprehensive study by testing the efficient market hypothesis for 14 national real estate 
stock markets from January 1990 to December 2006. They conclude that real estate stock 
markets are less efficient than international stock markets, implying that empirical findings 
suggest that investors are likely to earn excess returns by using past information in the 
majority of the public real estate markets. The study conducted by Schindler et al. (2009)   - 4 -
mainly focuses on matured and relatively large securitized real estate markets. However, to 
our knowledge, no study on testing the hypothesis of weak-form market efficiency for 
emerging securitized real estate markets has yet to be conducted. The following analysis 
concentrates exactly on this topic. The paper is a subsequent study and closely related to 
previous work by Schindler et al. (2009) applying the same methodology. 
The main objectives of this study are (1) to examine the random walk hypothesis for stock 
prices in twelve emerging real estate market indices, (2) to test for market efficiency across 
the selected markets, and (3), for practical relevance, to derive trading strategies based on 
technical analysis as a further robustness check on the results from statistical tests. 
The remainder of this paper is organized as follows. The next section discusses the weak-
form version of market efficiency (Fama, 1965 and 1970) in conjunction with the random 
walk hypothesis and treats the methodology of variance ratio tests and runs tests. After a data 
description and descriptive statistics, empirical results of the applied test procedures are 
presented in section 3. Section 4 tests market efficiency by comparing trading strategies 
based on moving averages with a simple buy-and-hold approach. Section  5 draws 
conclusions and provides an outlook for further research. 
2 Methodology 
In its weak form, the efficient market hypothesis proposes that price changes are 
unpredictable. Thus, a frequently employed test of market efficiency examines whether or not 
prices follow a random walk. Under the random walk hypothesis, a non-predictable random 
mechanism generates the behavior of price changes. In the simplest version of a random walk 
model, the actual index It equals the previous index It-1 plus the realization of a random 
variable εt, 
It = It-1 + εt, (1) 
where It is the natural logarithm of the index and εt is a random disturbance term at time t, 
which satisfies E[εt] = 0 and E[εtεt-h] = 0, h ≠ 0 for all t. If the expected index changes are 
given by E[Δ It] = E[εt] = 0, the best linear estimator for index It is the previous index value 
It-1. Assuming that expected index changes μ are constant over time, the random walk model 
expands to a random walk with drift (μ = drift parameter) 
It = It-1 + μ + εt or Δ It = μ + εt  εt ~ i.i.d.(0, σ
2). (2)   - 5 -
The random walk implies uncorrelated residuals and hence, uncorrelated returns, Δ It; 
εt ~ i.i.d.(0, σ
2) denotes that the increments εt are independently and identically distributed 
(i.i.d.) with E[εt] = 0 and E[εt
2] = σε
2. 
In general, the weak-form version of market efficiency and the random walk hypothesis are 
not equivalent. Nevertheless, if stock prices are found to follow a random walk process, 
equity markets are considered weak-form efficient (Fama, 1970). Consequently, the random 
walk properties of index returns are considered to be an outcome of the efficient market 
hypothesis. 
2.1  Variance Ratio Tests of Random Walk 
The traditional random walk tests on the basis of serial correlation and unit roots are 
vulnerable to errors due to autocorrelation induced by non-synchronous and infrequent 
trading. To resolve this shortcoming (for financial time series), Lo and MacKinlay (1988, 
1989) developed tests for random walks based on variance ratio estimators. 
The variance of the increments of a random walk is linearly time-dependent. Thus, if the 
natural logarithm of index It follows a pure random walk with drift (Equation (2)), the 
variance of index changes should increase proportionally to the observation interval q. 
Suppose a series of nq  +  1 price observations (P0, P1, P2, …, Pnq) measured at uniform 
intervals is available. If this time series follows a random walk, the variance of the q
th 
difference will correspond to q times the variance of first differences. Following the models 
of Equations (1) and (2), the variance of the first differences, denoted as  ] I I [ ˆ 1 t t
2
    and 
] r [ ˆ t
2   respectively, grows linearly over time so that the variance of the q
th difference is 
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where    
2 ˆ  is an unbiased estimator of the variance. The expected value of VR(q) is one 
under the null hypothesis of a random walk for all values of q. While It describes the 
logarithmic price process, rt(q) is a q period with a continuously compounded return with   - 6 -
rt(q) ≡ rt + rt-1 + … + rt-q+1 = It – It-q.    h ˆ   is the estimator of the h
th serial correlation 
coefficient. Alternatively, values for VR(q) greater than one imply mean aversion, while 
values smaller than one imply mean reversion. Equation (4) shows that VR(q) is a 
particularly linear combination of the first h-1 autocorrelation coefficients with linearly 
declining weights. If q behaves as a random walk, VR(q) = 1 because   0 h ˆ    for all h  1 
(Campbell et al., 1997). 
Under the null hypothesis of a homoscedastic increments random walk, Lo and MacKinlay 
(1988) derive an asymptotic standard normal test statistic for the VR. The standard z-test 
statistic is 
), 1 , 0 ( N ~
) q ( ˆ
) q ( M
) q ( ˆ
1 ) q ( VR
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a
~  denotes that the distributional equivalence is 
asymptotic. 
Many time series have time-varying volatilities, with returns deviating from normality. When 
index changes are conditionally heteroscedastic over time, there may not be a linear relation 
during the observation intervals. Hence, Lo and MacKinlay (1988) suggest a second test 
statistic Z2(q) with a heteroscedasticity-consistent variance estimator  ) q ( ˆ
2  : 
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If the null hypothesis is true, the modified heteroscedasticity-consistent  test statistic in 
Equation (6) has an asymptotic standard normal distribution (Liu and He, 1991). The Z2(q) 
statistic is robust to heteroscedasticity as well as to non-normal disturbance terms, and it 
allows for a more efficient and powerful test than the tests of Box and Pierce (1970) or of 
Dickey and Fuller (1979, 1981) (Lo and MacKinlay, 1989).   - 7 -
The variance ratio test of Lo and MacKinlay (1988) considers one VR for a single 
aggregation interval q by comparing the test statistics Z1(q) and Z2(q) with the critical value 
of a standard normal distribution. By contrast, the random walk model requires that 
VR(q) = 1,  and  hence  VRr(q)  =  VR(q)-1  =  0, for all selected aggregation intervals q 
simultaneously. Neglecting the joint nature of the hypothesis may lead to inaccurate 
inferences. To solve this problem, Chow and Denning (1993) suggest a multiple variance 
ratio (MVR) test. It is based on a multiple comparison similar to a classical joint F-test. In 
conjunction with a set of primary Lo and MacKinlay test statistics, {Z1(qi)i = 1, …, m} and 
{Z2(qi)i = 1, …, m}, the random walk hypothesis is rejected if any of the estimated VRs 
differ significantly from one. For this test, it is only necessary to consider the maximum 
absolute value of the test statistics (Chow and Denning, 1993): 
   i 1
m i 1
*
1 q Z max q Z
 
  and      i 2
m i 1
*
2 q Z max q Z
 
 . (7) 
The multiple variance ratio approach controls for the size of the joint test and defines a joint 
confidence interval for the VR(qi) estimates by applying the Studentized Maximum Modulus 
(SMM) distribution theory. The upper  point is used instead of the critical values of the 
standard normal distribution, 

2 / Z , m , SMM      , (8) 
where  
m / 1 1 1     
 . 
According to Equation (8), the asymptotic SMM critical value can be calculated from the 
conventional standard normal distribution for a large number of observations. In essence, the 
Chow and Denning’s test is conservative by design (i.e., the critical values are larger), but 
even so, it has the same, or even greater, power than the conventional unit root tests against 
an AR(1) alternative. At the same time, the MVR test is robust with respect to many forms of 
heteroscedasticity and non-normality of the stochastic disturbance term. 
2.2  Runs Test of Market Efficiency 
Both autocorrelation tests and VR tests are based on the assumption of a linear return-
generating process. Thus, both approaches, by definition, test for linear dependencies in the 
price series when challenging the random walk hypothesis and the hypothesis of weak-form 
market efficiency. Consequently, even if the efficient market hypothesis is not rejected by   - 8 -
autocorrelation tests and VR tests, it does not necessarily imply market efficiency. Thus, it is 
important to apply a direct test of the weak-form version of market efficiency. The non-
parametric runs test investigates the independence of successive returns and does not require 
normality or a linear return-generating process. 
A runs test determines whether the total number of runs in the sample is consistent with the 
hypothesis that changes are independent. If the return series exhibit a greater tendency of 
change in one direction, the average run will be longer and, consequently, the number of runs 
will be lower than that generated by a random process. In the Bernoulli case, the total number 
of runs is referred to as NRuns and the total expected number of runs is given by 











     ) 0 r Pr( t ,  μ is the expected index change, and σ is the standard 
deviation of index changes. For large sample size (N  >  30) the sampling distribution of 
E [NRuns] is approximately normal, and a continuity correction is produced. 
When the actual number exceeds (falls below) the expected runs, a positive (negative) Z-
value is obtained. Consequently, a positive (negative) Z-value indicates a negative (positive) 
serial correlation in the series of index changes. 
Table 1 summarizes the conclusions of the various test approaches which are applied to test 
for weak-form market efficiency and return predictability of emerging securitized real estate 
markets. 
Table 1:   Null and Alternative Hypotheses of Weak-Form Market Efficiency Tests 
Significance Test  Autocorrelation 
Coefficient  Variance Ratio  Runs 
Random Walk  () 0 0 hf o r h     () 1 0 VR h for h     0 Z   
Mean Aversion  () 0 0 hf o r h     () 1 0 VR h for h    0 Z   
Mean Reversion  () 0 0 hf o r h     () 1 0 VR h for h     0 Z     - 9 -
3  Empirical Results of Weak-Form Market Efficiency 
Tests 
3.1  Data and Descriptive Statistics 
The empirical analysis in this paper is based on the monthly indices from General Property 
Research (GPR) between January 1992 and December 2009. Thus, the time series contains 
up to 216 monthly data for each market and is given by the availability of data for each 
market. Since some market indices contain missing values and/or are not calculated for the 
whole period, Table 2 provides an overview of the analyzed time period for each market. 
Potential biases of the results due to these shortcomings in the data are a typical problem in 
empirical studies analyzing emerging markets and have to be taken into account in the 
interpretation. In total, the study covers the following twelve emerging securitized real estate 
markets: Argentina (ARG), Austria (AUT), Finland (FIN), Hong Kong (HK), Italy (ITA), 
Malaysia (MAS), New Zealand (NZL), the Philippines (PH), Portugal (POR), Singapore 
(SIN), and South Africa (RSA). The markets are considered emerging not because they are 
emerging markets by the commonly used criteria but because their securitized real estate 
markets have not existed until recently, are relatively young, are not matured, have partly 
shown strong growth in securitized real estate markets for the last decade, and/or are 
characterized by low trading volume, limited liquidity, and low analysts’ coverage as well as 
still maturing institutional and legal settings as opposed to the markets in e.g. Australia 
(AUS), Japan (JPN), the United Kingdom (UK), and the United States (US) – even if there is 
some heterogeneity between the emerging markets related to the institutional and legal 
settings in particular. The four developed markets are considered well suited to empirically 
analyze and test the different behavior of emerging and developed markets. An extended 
analysis for further emerging markets such as the Chinese, Indonesian, Mexican, and Russian 
markets is not applicable since the indices are not calculated for a sufficiently long time 
period and the sample periods are thus too short to provide useful and reliable insights.   - 10 -
Table 2:   List of the GPR Country Indices and their Data Availability 
Country  Index  Analyzed time period  Number of observations 
Argentina  ARG  09/1993 – 03/2008  175 
Austria  AUT  01/1992 – 12/2009  216 
Finland  FIN  07/1999 – 12/2009  126 
Hong Kong  HKG  01/1992 – 12/2009  216 
Italy  ITA  01/1992 – 12/2009  216 
Malaysia  MAS  01/1992 – 12/2009  216 
New Zealand  NZL  01/1992 – 12/2009  216 
Philippines  PHI  01/1992 – 12/2009  216 
Portugal  POR  01/1992 – 02/2002  122 
Singapore  SIN  01/1992 – 12/2009  216 
South Africa  RSA  07/1997 – 12/2009  150 
Spain  ESP  01/1992 – 12/2007  192 
Australia  AUS  01/1992 – 12/2009  216 
Japan  JPN  01/1992 – 12/2009  216 
United Kingdom  UK  01/1992 – 12/2009  216 
United States  US  01/1992 – 12/2009  216 
 
The descriptive statistics for the monthly returns of the GPR country indices in local currency 
are presented in Table 3 and are based on continuously compounded monthly returns for the 
period for which data are available for each market.
1 As can be seen, Spain and South Africa 
reach the highest average monthly returns. However, neither time series covers the whole 
sample period and the average returns might thus be more biased than those of the other 
markets. Considering the whole time period, Australia, Hong Kong, Singapore, and the U.S. 
show the highest average returns. In addition to the Argentinian market, the Asian markets 
are characterized by the highest standard deviation as well as by the highest range of returns. 
With the exception of the Japanese market, the Jarque-Bera test rejects the null hypothesis of 
normally distributed returns for all series with all return series exhibiting significant 
                                                 
1  Log differences of prices are used because, for small changes, they approximately equal the rate of return 
from continuous compounding. The GPR indices are calculated on a monthly basis only. Thus, daily or 
weekly return data are not available.   - 11 -
leptokurtosis while the results on skewness deviate from each other and are not significant for 
all markets.
2 
Table 3:  Descriptive Statistics of the Monthly GPR Country Index Returns 
Index Mean  Min. Max.  Std.dev.  Skewness
  Kurtosis
  J.-B. 
ARG 0.0064  -0.4329  0.3192 0.1250  -0.2243  3.7648  5.7326
* 
AUT -0.0019  -0.6403  0.4058 0.0886 -2.7168  29.1338  6,412.5020
*** 
ESP 0.0142  -0.3359  0.2391  0.0731  -0.6495  6.2469  97.8404
*** 
FIN 0.0075  -0.2506  0.3091  0.0744  0.0874  6.3700  59.7843
*** 
HKG 0.0096  -0.4485  0.4687 0.1078 0.1184 6.1982  92.5591
*** 
ITA 0.0042  -0.3053  0.2884  0.0749  -0.2703  5.8863  77.6080
*** 
MAS 0.0025  -0.3854  0.4165 0.1191 0.1291 5.0512  38.4673
*** 
NZL 0.0051  -0.2140  0.1757  0.0445  -0.1728  6.5374  113.6949
*** 
PHI 0.0053  -0.3075  0.4555  0.1003  0.3016  4.9362  37.0122
*** 
POR 0.0039  -0.1627  0.2354  0.0633  0.6794  4.3926  19.2449
*** 
RSF 0.0187  -0.2109  0.1658  0.0543  -0.5440  5.2338  38.5859
*** 
SIN 0.0071  -0.3979  0.4851  0.1044  -0.1942  6.5356  113.8645
*** 
AUS 0.0073  -0.2438  0.1437  0.0444  -1.5830  9.7173  496.3114
*** 
JPN -0.0003  -0.2201  0.1961  0.0800  -0.0722  2.8838  0.3094 
UK 0.0060  -0.2551  0.2130  0.0606  -0.7279  5.6146  80.6023
*** 
US 0.0081  -0.3861  0.2638  0.0603  -1.8867  14.9220  1,407.3690
*** 
Notes: ***, **, and * represent significance at the 1 %, 5 %, and 10 % level, respectively, of the null hypothesis 
of normal distribution of the Jarque-Bera test statistic. The critical values of the χ²-distributed test statistic with 
two degrees of freedom are 9.21, 5.99, and 4.61 (Jarque and Bera, 1980). 
 
3.2  Results of Autocorrelation Tests 
The efficient market hypothesis in its weak-form version states that asset returns are not time-
dependent and are thus not autocorrelated. However, as can be gathered from Table 4, the 
results from estimating autocorrelations of the monthly index changes show mixed results 
with respect to the twelve emerging real estate markets. While the markets in Argentina, 
Hong Kong, Italy, New Zealand, the Philippines, Portugal, and South Africa show no or only 
slightly significant autocorrelation, the European markets in Austria, Finland, and Spain, as 
well as the markets in Malaysia and Singapore exhibit significant autocorrelation for several 
                                                 
2   Significance for skewness and leptokurtosis is tested by the method suggested by Urzúa (1996).   - 12 -
orders while positive autocorrelation is dominant, indicating a general mean aversion process. 
However, the effect of significant first-order and higher-order autocorrelation is much more 
distinct for the developed markets in Australia, the U.K., and the U.S. The finding of at least 
short-term mean aversion is also reported for the broad stock markets, e.g. by Poterba and 
Summers (1988), and is explained by various causes such as common risk factors of stocks 
(systematic risk), by Lo and MacKinlay (1988) as well as French and Roll (1986), but it is 
worth emphasizing that autocorrelation in emerging securitized real estate markets is less 
significant than in developed markets.
3 
Table 4:   Autocorrelation of Monthly GPR Country Index Returns 
Index       






















* -0.0192  -0.0707  -0.0153 -0.1288
* -0.0287 
ITA  0.1018 0.0078 -0.0770 0.0555 -0.0347 0.0179 






*  -0.0569 -0.0371 0.0819 -0.0554 0.0176 
PHI  0.0187  -0.1002 0.0207 -0.0235 0.1243 -0.0645 
POR  -0.0230  0.0228 0.0304 0.0093 -0.0702  -0.1637 




























Notes: ***, **, and * indicates significance of the autocorrelation coefficients for lag h at the 1 %, 5 %, and 
10 % level, respectively, with critical values from the χ² distribution with h degrees of freedom. 
 
                                                 
3   In contrast, Campbell et al. (1997) consider positive autocorrelation to be a result of market microstructure. 
They argue that non-synchronous trading and bid-ask bounces induce spurious autocorrelation in the returns’ 
series.   - 13 -
3.3  Results of Variance Ratio Tests 
Again, for the variance ratio tests we assume that return dependencies are particularly strong 
for markets with low trading volume and limited liquidity. Thus, it is expected that the 
emerging markets show more persistence than matured markets. The variance ratios are 
computed in intervals of two, three, and six months, as well as in intervals of twelve and 
24 months. 
With the exception of Portugal, the returns of all indices exhibit variance ratios greater than 
one, at least in the short run. This confirms the results of positive autocorrelation and mean 
aversion, respectively, from autocorrelation analysis. Again, however, only a few markets are 
characterized by highly significant variance ratios, namely Austria, Finland, Singapore, South 
Africa, and Spain for the emerging markets and Australia, the U.K., and the U.S. for the 
matured markets. With the exception of South Africa, the markets are identical to the markets 
with highly significant, short-term positive autorcorrelation. Long-term persistencies for up to 
one and/or two years are much weaker but still indicate mean aversion processes and only 
exist for Austria, Finland, Singapore, and Spain, as well as for Australia and the U.K. 
Adjusting the tests for heteroscedasticity changes the results because the test statistics are 
formulated more restrictively. The most prominent changes can be found for the highly 
skewed markets such as the Austrian and the U.S. market, for which the formerly significant 
results are much weaker and/or significance disappears at all. Furthermore, considering 
multiple lag lenghts simultaneously results in a rejection of the random walk hypothesis for 
markets characterized by strong higher-order autocorrelation and long-term persistence in the 
variance ratios, namely Austria (not adjusted for heteroscedasticity), Finland, and Spain, as 
well as Australia and the U.K. 
Summarizing the results from the different variance ratio tests, it can be stated that – in line 
with the results from autocorrelation analysis – the random walk hypothesis is rejected for the 
markets in Austria, Finland, and Spain in particular, as well as for South Africa and 
Singapore to some lesser extent. Nevertheless, over all, there is no indication that the 
emerging securitized real estate markets are less efficient than the more matured markets in 
Australia, Japan, the U.K., and the U.S 
   - 14 -
Table 5:   Variance Ratio Estimates and Variance Ratio Test Statistics for Monthly GRP 
Country Index Returns 
Number q of Base Observations (Lags) 
Aggregated to form Variance Ratio  Index 
q = 2  q = 3  q = 6  q = 12  q = 24 











































































































































































































































































Table 5 continues on the next page   - 15 -
Number q of Base Observations (Lags) 
Aggregated to form Variance Ratio  Index 
q = 2  q = 3  q = 6  q = 12  q = 24 










































































































* indicate significance at the 99 %, 95 %, and 90 % confidence level (rejection of the RWH). One 
month is used as a base observation interval; the varaince ratios, VR(q)s, are reported in the main rows. The 
homoscedasticity-consistent and heteroscedasticity-consistent test results are reported in parentheses (Z1(q), 
Z1
*(q)) and brackets [Z2(q), Z2
*(q)], respectively. The critical values for multiple variance ratio tests Z1
*(q) and 
Z2
*(q) at the 1 %, 5 %, and 10 % significance level are 3.089, 2.569, and 2.311, respectively, according to Hahn 
and Hendrickson (1971) and Stoline and Ury (1979). 
 
3.4  Results of Runs Tests 
As mentioned above, both the autocorrelation tests and the variance ratio tests exhibit some 
shortcomings when applied to the analysis of market efficiency. Moreover, if the return-
generating process is non-linear, the autocorrelation coefficients and variance ratio tests are 
not a reliable measure to detect market (in-)efficiency, and non-autocorrelated financial 
market returns do not necessarily imply market efficiency (Lucas, 1978; Summers, 1986), 
especially because of the reported skewness and kurtosis of the return distributions in 
Table 3. Therefore, a direct test for market efficiency is employed which requires neither the 
assumption of normality of the underlying distribution nor a linear return-generating process. 
The results of the non-parametric runs test of independence between successive events in the 
time series of monthly index changes are presented in Table 6. 
The test statistics indicate the rejection of a random walk for the markets in Austria, Finland, 
Italy, and South Africa at the 10 % significance level for the emerging markets, as well as for 
the markets in Japan, the U.K., and the U.S. With the exception of Italy and Japan, these are 
the same markets for which the random walk hypothesis is rejected by at least one of the 
above parametric tests, whereas the test statistic for Italy is significant at the 10 % level only.   - 16 -
Thus, the results related to the efficient market hypothesis in its weak form do not change 
rigorously when focusing on a non-parametric runs test instead of parametric tests based on 
autocorrelations and variance ratios. 
Table 6:   Results from the Runs Test for Monthly GPR Country Index Returns 
Runs 







ARG 91  88  0.5204  0.6258 
AUT 81  108  0.4913  -3.6006
*** 
ESP 86  94  0.5771  -1.0184 
FIN 48  63  0.5400  -2.4958
** 
HKG 95  108  0.5353 -1.6198 
ITA 95 108  0.5225  -1.6678
* 
MAS 101  108  0.5083  -0.8802 
NZL 102  108  0.5456 -0.6212 
PHI 111 108  0.5209 0.5011 
POR 63  61  0.5246 0.4782 
RSF 53  70  0.6345  -2.4706
** 
SIN 101 108  0.5272 -0.8387 
AUS 98  107  0.5653 -1.0256 
JPN 90 108  0.4986  -2.3813
** 
UK 93  108  0.5393  -1.8712
* 





* indicate significance at the 99 %, 95 %, and 90 % confidence level, respectively; critical 
values for the runs test at the 1  %, 5  %, and 10  % significance level are derived from standard normal 
distribution. 
 
Table 7 summarizes the results from the conducted statistical tests. The main conclusions are 
as follows. First, the efficient market hypothesis in its weak form can not be rejected for most 
emerging securitized real estate markets. Second, the markets in Austria, Finland, Singapore, 
and Spain seem to be less efficient than the other emerging markets analyzed in this study. 
Third, in general, the efficient market hypothesis is rejected for all of the four analyzed 
developed securitized real estate markets by at least one statistical test. This result is 
surprising and stands in contrast to financial theory and empirical evidence from other   - 17 -
markets, which find that inefficiencies are more distinctive in markets which are less 
capitalized and less developed, exhibit lower trading volume, lower coverage by analysts, and 
are situated within a less matured institutional and legal setting. Overall, according to the 
results of the statistical tests of the random walk hypothesis, emerging securitized real estate 
markets can not be considered less efficient than matured and more developed securitized 
real estate markets. 
Table 7:   Summary of the Results of Testing the Efficient Market Hypothesis 





Ratio Test  Runs Test 
ARG  O  O O O 
AUT  X  X O X 
ESP  X  X X O 
FIN  X  X X X 
HKG  O  O O O 
ITA  O  O O O 
MAS  O  O O O 
NZL  O  O O O 
PHI  O  O O O 
POR  O  O O O 
RSF  O  O O X 
SIN  X  X X O 
AUS  X  X X O 
JPN  O  O O X 
UK  X  X X O 
US  X  O O O 
Notes: X denotes rejection of the RWH at the 5% significance level according to the first-order autocorrelation 
coefficient, the runs test, the VR tests for one or more q observation intervals with q = 2, 3, 6, 12, and 24 
assuming heteroscedasticity, and for multiple VR tests for m = 5; O denotes acceptance of the null hypothesis. 
 
4  Implications for Trading Strategies 
Following the definition by Fama (1970), asset markets can be weak-form efficient from a 
more practical perspective even if the efficient market hypothesis is rejected by statistical 
tests and asset prices do not reflect all relevant market information. Thus, the rejection of the   - 18 -
weak-form version of market efficiency by itself does not postulate market inefficiency. 
Although inefficiencies seem to be statistically detected, they might be too small for investors 
yielding excess returns by implementing trading strategies based upon historical price 
information. This means that rejecting the random walk hypothesis does not necessarily 
contradict the efficient market hypothesis as long as the implementation of a trading strategy 
is not beneficial. Vice versa, it might also be the case that the random walk hypothesis is not 
rejected, but that there is a pattern in the price or return series which can be exploited by an 
investor in order to earn excess returns compared to a buy-and-hold strategy. Thus, further 
methods must be introduced to evaluate particular strategies and to provide more direct 
evidence of market inefficiencies. Technical analysis can therefore serve as a control of, or 
complement, earlier statistical testing methods. 
The tested trading strategies are based on moving averages. The application of moving 
averages does not require any assumption on linearity in returns and the trading strategy is of 
simple construction, allows for out-of-sample analysis, and is thus well suited as a basis for 
investors’ strategies. Tax effects and transaction costs are not considered.  
Moving averages are applied to distinguish between long-term trends and short-term 
oscillations, thus acting as trend indicators. In practice, the average index price is calculated 
from past index prices. The number of relevant historical index values depends on the period 
examined. Moving averages differ with respect to the length of time (e.g., three, six, twelve 
months) and also with regard to the calculation of the mean. In the simplest model, the 
arithmetic mean is used. The implementation of more sophisticated models, i.e. models 
applying linearly or exponentially weighted averages, might be possible as well, but 
differences between these approaches are rather small. In addition to the long-term twelve-
month window, moving averages for three and six months are calculated. This might be an 
advantage for indices that are more volatile and less persistent. 
A trading signal occurs immediately at the breakthrough of the moving average line. A 
buying signal occurs if the index value breaks through its moving average bottom-up; a 
selling signal occurs when the moving average is breached top-down. Again, the chart-
technical model is compared with the buy-and-hold strategy. The technical model is of 
advantage when it generates higher returns than a simple buy-and-hold strategy. 
In general, two scenarios are considered. In the first case, short selling is not allowed, which 
is more realistic with respect to the actual situation at the securitized real estate markets   - 19 -
where short selling is not realizable for the majority of markets. In the second case, we do 
allow for short selling. This case is incorporated by assuming short selling instead of zero 
returns for periods in which the trading signal recommends selling the market. Hence, the 
investor is not neutral in such cases but actively engaged in the market. For inefficient 
markets for which moving averages are a well-functioning indicator, the second scenario 
should result in higher excess returns than the first scenario. 
The sample period is identical to the sample for the tests of the random walk hypothesis. The 
first twelve months of each time series are required to compute the moving average based on 
the twelve-month line and serve as decision criteria for the positioning. Therefore, the results 
of the trading strategies based on moving averages differ by twelve observations from the 
sample period for the tests of the random walk hypothesis. 
The total nominal returns of both strategies, the one in which short selling is not allowed and 
the one in which short selling is possible, are shown in Table 8. With the exception of the 
markets in Portugal and South Africa, all analyzed securitized real estate market indices show 
higher returns for at least one strategy based on moving averages than for a continuous 
market investment. This seems to stand in contrast to the results of the test on the random 
walk hypothesis and testifies a well-functioning forecast for moving averages. 
The best relative performance of the trading strategy, compared to the buy-and-hold strategy, 
is reached by the Asian markets as well as the markets in Austria and Finland, but the reasons 
might be different. While the results are in line with a rejection of the random walk 
hypothesis for the latter two markets, the Asian markets are characterized by the highest 
volatility of all markets. The argument that volatility drives the trading strategy is also 
supported by the fact that the trading strategy for the Asian markets works better in the short 
run than in the long run. For other markets such as Finland, Italy, New Zealand, and even 
Australia, the U.K., and the U.S., excess returns of the trading strategy are higher when 
applying long-term instead of short-term moving averages. This result also documents that 
persistence is stronger in these markets. 
For the Asian markets, it is also obvious that strategies allowing for short selling do not 
improve the performance over the performance of the strategy without short selling. 
However, the opposite applies to the markets in Austria, Finland, and Italy, as well as those in 
Australia and the U.K. With the exception of Italy, this result is in line with the statistical 
tests and the assumption that allowing for short selling should improve the performance when   - 20 -
inefficiencies are strong, since short selling allows for participation in upward-moving 
markets as well as in downward-moving markets. Furthermore, for all markets mentioned, 
the efficient market hypothesis is rejected by at least two tests. 
As discussed, while the statistical tests do not reject the random walk hypothesis for most 
emerging markets, the technical analysis depicts trading strategies by which investors might 
be able to generate excess returns compared to a buy-and-hold strategy. Thus, the answer to 
the question of weak-form efficiency of emerging securitized real estate markets is 
ambiguous and no final conclusion can be drawn. In defense of the results of the statistical 
tests, it has to be mentioned that the trading strategies are built on a different set of 
information than the statistical tests, that transaction costs as well as bid-ask spreads are 
neglected, and that tax issues are not considered. Thus, it is not assured that the calculated 
excess returns can be effectively realized by investors. Furthermore, the results from both the 
statistical tests and the implementation of trading strategies postulate that the emerging 
securitized real estate markets are not at all less efficient than the matured securitized real 
estate markets in Australia, Japan, the U.K., and the U.S.   - 21 -
Table  8:  Total Nominal Returns from a Buy-and-Hold Strategy Compared to Trading 
Strategies Based on Moving Averages (MA) 
Index Buy-and-Hold  3-Month  MA 6-Month  MA  12-Month  MA 






























































































































Notes: The results from allowing for short selling are shown in italics. 
 
As a further robustness check on the results of technical trading strategies, statistical tests are 
conducted to test whether the mean returns following from buy indication and sell indication 
are significantly different from the unconditional mean and whether the mean returns   - 22 -
following buy indication are significantly higher than those from sell indication. We apply a 
test suggested and conducted by Brock et al. (1992) to analyze market efficiency and 
evaluating trading strategies for the U.S. stock market. The results of the statistical tests are 
reported in Table 9. As can be seen, the results mainly confirm the results from the tests 
challenging the random walk hypothesis in section 3 as well as the results from the technical 
analysis by tendency. First, with the exception of the securitized real estate market in 
Portugal and one strategy for the markets in Argentina and the Philippines, the excess returns 
are positive following a buying signal and are negative after a selling indication, as is 
expected by theory. Second, the markets in Austria, Finland, Italy, and Spain, as well as the 
markets in Australia, the U.K., and the U.S. are characterized by the most significant 
differences between the mean results following from buy indication or sell indication. The 
other markets do not show highly significant results. Third, all markets for which strategies 
allowing for short selling perform better than more restricted strategies are characterized by 
significant differences between mean returns from buy indication and sell indication. Fourth, 
for Austria, Finland, and Italy, as well as for Australia, the U.K., and the U.S., excess returns 
for strategies based on long-term moving averages are higher and more significant than for 
those based on short-term moving averages. The results for the emerging securitized real 
estate markets in Argentina, the Asia-Pacific region, and South Africa are only slightly 
significant in a few cases and are not significant on the common significance levels at all by 
majority. In general, the results of the conducted statistical tests confirm the empirical 
findings from the previous analysis and thus also state that emerging securitized real estate 
markets can not be considered less efficient than matured markets.   - 23 -
Table 9:  Statistical Tests on the Results of the Applied Technical Trading Rules 
Index Applied  Strategy  Buy  Sell  Buy-Sell 




























































































































Table 9 continues on the next page 
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Index Applied  Strategy  Buy  Sell  Buy-Sell 















































































































Table 9 continues on the next page 
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Index Applied  Strategy  Buy  Sell  Buy-Sell 





















































































Notes: Numbers in parentheses are standard t-ratios testing the difference of the mean return from buy 
indication (buy) and from sell indication (sell), respectively, from the unconditional mean return per month as 
well as buy minus sell (buy-sell) from zero. 
***, 
** and 
* indicate significance at the 99 %, 95 %, and 90 % 
confidence level, respectively. 
 
5 Conclusion 
This paper challenges the efficient market hypothesis for emerging real estate stock markets 
in its weak form by focusing on the information set of historical prices or return series and by 
testing the random walk hypothesis. This study analyzes the behavior of monthly index 
returns for twelve emerging securitized real estate markets around the world and for four 
developed markets as a control group over the period from January 1992 to December 2009. 
In addition to the parametric tests based on autocorrelation and variance ratios, we also 
conduct a non-parametric runs test for market efficiency. The results for the emerging real   - 26 -
estate stock markets are quite interesting and to some extent surprising against the 
background of the results of Schindler et al. (2009) for mostly developed real estate stock 
markets. Schindler et al. (2009) find that the efficient market hypothesis in its weak form is 
mainly rejected for securitized real estate markets. Their analysis is based on 14 international 
real estat stock markets and a sample period similar to that in the present study. 
In contrast to these findings, this study shows that the weak-form version of the efficient 
market hypothesis cannot be rejected for most emerging real estate markets, particularly for 
the Asia-Pacific, the Argentinian, and the South African markets. However, the efficient 
market hypothesis is mainly rejected for the low-capitalized European markets and the group 
of developed and large capitalized markets such as Australia, the United Kingdom, and the 
United States. These results contradict the general empirical findings from international stock 
and bond markets, where those markets which are more sophisticated and higher-capitalized, 
which have a higher trading volume, higher analysts’ coverage, and are situated in a matured 
institutional and legal setting, seem to be more efficient than emerging markets. Serrano and 
Hoesli (2009) argue that the reason for the greater predictability of securitized real estate 
returns in matured REIT markets might be their more stable income returns and their 
distribution requirements to qualify for tax transparency. However, Serrano and Hoesli 
(2009) do not explicitly analyze emerging securitized real estate markets and leave research 
on the explaining factors making REITs more predictable than non-REITs to future studies. 
Thus, in support of the markets in Argentina, South Africa, and the Asia-Pacific region, it can 
be stated – from a statistical point of view – that prices do well reflect at least publicly 
available information, and that information processing in these markets via the asset pricing 
process is working well. Even though technical analysis suggests that investors might be able 
to generate excess returns by using trading strategies compared to a buy-and-hold strategy, 
the differences between conditional and unconditional mean results are weakly significant by 
majority only and it is doubtful if excess returns can be realized effectively, or if transaction 
costs, bid-ask spreads, taxes, and other issues dispose or significantly reduce excess returns. 
Thus, from a practical point of view, there is no final answer to the question of market 
efficiency in emerging securitized real estate markets. 
Since the analysis focuses on weak-form market efficiency only, its results do not contribute 
to answering the question of whether private and hidden information is more prevalent or less 
prevalent in the analyzed emerging real estate stock markets than in matured markets. 
Furthermore, the analysis does not give any information on whether investors are able to   - 27 -
generate superior performance by using such private information. This question is not the 
topic of this paper and is left to further research.   - 28 -
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